An as yet single family with a bleeding history is shown to present the characteristic lack of membrane expression of procoagulant phospholipids observed in Scott syndrome. Low prothrombin consumption in the serum of the propositus, a 71-year-old woman, and two of her children was the sole abnormal hemostasis parameter. The degree of exposure of procoagulant phospholipids, chiefly phosphatidylserhe. was reduced in stimulated platelets, erythrocytes and
HE COMPLETION OF THE blood coagulation process
requires the surface assembly of the characteristic enzyme complexes involving several of the clotting factors. ' The exposure of negatively charged phospholipids, chiefly phospatidylserine, sequestered in the inner leaflet of the plasma membrane of resting cells, is a prerequisite for the local concentration of actors playing a fundamental role in the generation of thrombin. Stimulated platelets are thought to be the major source of phosphatidylserine, previously referred to as platelet factor 3. When available at the surface of activated cells or derived fragments, phosphatidylserine acquires a procoagulant character due to its ability to complex vitamin K-dependent factors VII, IX, X, and 11, as well as activated cofactors VI11 and V. The surface amplification potential of such a system is linked to the feedback control exerted by thrombin through retroactivation of cofactors VI11 and V and platelet ~timulation.'~~ Vitamin K antagonists enable efficient prevention of thromboembolic disorders by interfering in the maturation process of vitamin K-dependent clotting factors, resulting in an impaired capacity of the latter to associate with procoagulant phospholipids.' The symmetrical approach consisting in the pharmacologic modulation of the degree of exposure of phosphatidylserine by stimulated platelets has been hampered by the lack of knowledge of the mechanism governing its transmembrane migration.
The production of a procoagulant response is certainly not the sole consequence of the loss of the asymmetric distribution of phospholipid species between the two leaflets of the plasma membrane, but physiologic implications in cell types other than blood cells remain poorly understood. Ubiquitous cytodynamic events such as endocytosis or exocytosis are accompanied by the loss of membrane a~ymmetry.~ Membrane fusion of enveloped viruses with target cells is facilitated in the presence of phosphatidyl~erine.~.~ Programmed cell death, apoptosis, essential in many aspects of normal development and occurring in major diseases such as cancer, acquired immunodeficiency syndrome (AIDS), autoimmune disorders, et^,^ results in the release of apoptotic fragments bearing exposed pho~phatidylserine.~.~ Several protective mechanisms could neutralize the pathogenic potential of circulating cell fragments. Phosphatidylserine is a determinant of reticuloendothelial and antiphospholipid antibodies could counteract its procoagulant character." Such antibodies are precisely associated with an increased risk of thrombosis."
The availability of procoagulant phospholipids is essential for a normal hemostatic response, as clearly shown by the severe to moderate bleeding episodes due to a deficiency of platelet procoagulant activity.l3-I6 Several isolated cases were reported, but a unique one has been well documented as Scott syndrome.17 The defect also results in decreased membrane emission of procoagulant vesicles or microparticles.'s It is not restricted to platelets but also affects red blood cells and lymphocytes, suggesting that it reflects a mutation occurring in multiple hematologic lineages.'' The possibility of an inherited disorder transmitted as an autosomal recessive trait was discussed but not confirmed.I4 In a more recent report, Epstein-Barr virus (EBV)-infected B cells from the first case of Scott syndrome were fused with the myeloma cell line UC-LUC, resulting in hybridomas in which the Scott abnormality was corrected. The investigators concluded to possible complementation of aberrant gene(s)." We report here the first characterization of a familial Scott syndrome and confirm that it is a genetic disorder affecting the outward transmembrane migration of phosphatidylserine.
PATIENTS AND METHODS
Subject selection. The propositus [E51 (Fig l) , a 71-year-old woman born from first cousins, suffered from severe to moderate hemorrhagic episodes for a long time, including epistaxis, traumarelated hematoma, bleeding after tooth extractions, and at childbirths. She has been successfully treated using whole blood transfusions. F~tnctioncrl detection of procorrgdnnt phospholipid.7. Procoagulant phospholipid exposure in stimulated cells and derived microparticles was detected using a human prothrombinase assay in which phosphatidylserine promotes the activation of prothombin by factor Xa in the presence of factor Va." Thrombin generated by assembled prothombinase complex was measured using a chromogenic assay as described el~ewhere.'~ Red blood cells, platelets, and EBV-infected lymphocytes were studied at IO7 cellslmL, 7 X IO" cellslmL, and 2 X IO' cellslmL, respectively. The ability of each cell type to expose procoagulant phosphatidylserine was examined after stimulation by 0 . 1 NIH UlmL human cy-thrombin'" + 12 pglmL equine tendon collagen (Hormon-Chemie, Munich, Germany) or S pmollL calcium ionophore A23187 for IO minutes at 37°C for platelets, S pmol/L A23 I X7 for 90 minutes at 37°C for red blood cells, S pmol/L A231 87 for I O minutes at 37°C for EBV-infected B cells. in the presence of 2 mmol/L external CaCI2 for each cell type. Red blood cells and EBV-infected B lymphocytes were separated from derived microparticles by centrifugation at I2.000g for 30 seconds before the measurements. In each case. results were compared with the prothrombinase activities developed in samples from healthy volunteers. To assess whether the phosphatidylserine content of any cell type was normal, cells were disrupted by three successive freezinglthawingl sonication steps, and the resulting cell fragment suspensions were used in the prothrombinase assay as described above.
Flow c~t o m e t~~. Analysis of the platelet membrane status was performed using annexin V as a protein probe of phosphatidylserine conjugated to fluorcscein isothiocyanatc (FITC), as alrcady described." Ionophore-stimulated (see above) and nonstimulated cell suspensions were incubated with S pglmL annexin V"' "' for IO minutes at room temperature in the presence of 0.5 mmollL calcium before data acquisition using a Becton Dickinson flow cytometer (Becton Dickinson. San Jose, CA). Parameters were set to assess phosphatidylserine exposure evidenced by annexin V""' binding and recorded on FLI Huorescencc scale, simultaneously for cells and derived microparticles that were distinguished according to size (forward light scatter). For each samplc. 10.000 events were recorded and further analyzed in the appropriate gate delineated on dot plots. as previously described."
Analysis of the ability of red blood cells to undergo shape change and membrane vesiculation after stimulation by ionophore (see above) was performed using forward-angle versus right-angle light scatter dot plot representation" of IO.000 events per sample.
Cytoske/eto/ protein onc11y.vis. Cytoskeletal proteins of ionophore-stimulated and unstimulated platelets were analyzed by polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulphate, as described elsewhere.'' exp"ure,Z".'l.''.~h Annexin V was purified from human placenta and (Fig l ) . The only abnormal values are those of serum prothrombin time and consequently residual serum prothrombin. The patient had 68% of residual prothrombin. whereas the levels of her children was lower, but consistently higher than normal at 7.5% for the daughter and 5.5% for the son. The propositus' other daughter [W91 could be examined only once and had 5.5%
RESULTS
residual serum prothrombin and no other anomaly. The two grandnieces, nephew [Ill-11's daughters, had normal hemostasis parameters.
In the absence of stimulation, platelets or erythrocytes from the propositus exhibited a low prothrombinase activity. This was also true for control samples, reflecting minimal availability of negatively charged phospholipids for prothrombinase complex assembly in each case. Exposure of procoagulant phospholipids remained weak after various stimulations of propositus' cells when compared with samples from healthy subjects (Figs 2 and 3) . Prothrombinase activities in stimulated propositus' red blood cells and corre- or stimulated by the association of thrombin and collagen (Thr/Coll; 0.1 NIH UlmL and 0.12 pg/mL final respective concentrations1 for 10 minutes at 37°C or by the calcium ionophore A23187 (A23187; 5 pmol/L final concentration) for 10 minutes at 37°C. Stimulations and prothrombinase activity measurements were performed in the presence of 2 and 1 mmol/L external CaCI,, respectively. Data are expressed as the mean ? SEM; n = 3 for the platelets from the propositus and her offspring, and n = 10 for platelets from control subjects.
sponding supernatants were 7 to 10 times lower than those measured with control cells.
Platelets from the patient's son and daughter displayed a 35% to 45% reduction, respectively, of prothrombinase activity when compared with control cells after stimulation by calcium ionophore (Fig 2) . Such a reduction could have been somewhat underestimated because measurements were performed under drastic activation conditions. 
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The defect of phosphatidylserine exposure was more easily evidenced in red blood cells that elicit a delayed response to calcium ionophore.'' Erythrocytes from the propositus were almost insensitive to ionophore treatment. Stimulated red blood cells from the daughter exhibited about twice as much prothrombinase activity as those of her mother, whereas the son's cells produced a response of about 60% of normal (Fig 3) . Diminished prothrombinase activity was also observed in supernatants of corresponding stimulated red blood cells from the three members of the family, testifying to a reduced ability to shed procoagulant microparticles. Again, the propositus' cells showed the most pronounced defect.
Procoagulant phospholipid exposure occurred at comparable basal levels in nonstimulated control and patient's EBVinfected B lymphocytes (Fig 4) , probably as a result of cell mortality, which was estimated between 10% and 15% in both populations, depending on the culture stage. Mortality could be reduced by about 30%, with concomitant reduction of the same order of basal prothrombinase activity, when cells were cultured in the presence of IL-4 (data not shown). Surprisingly, the mortality of offspring's nonstimulated EBV-B cells was consistently lower, ranging between 3% and 8%, resulting in lower basal prothrombinase activity. Ionophore treatment of control EBV-B cells was responsible for the development of a substantial phospholipid-dependent procoagulant activity almost equally distributed between cells and microparticles. The overall prothrombinase activity (cell and microparticle-associated) of the stimulated pa- tient's, daughter's, and son's EBV-B cells was, respectively, 2S%, 44%, and 53% that of control cells. These values would be, respectively, 15%,'47%, and 56% if the basal corresponding activities were deduced. Microparticle-associated procoagulant activity was almost unaffected by ionophore treatment of propositus' cells, whereas in her offspring's cells it remained lower than half of that of the cells. When any of these EBV-B cells including control cells were disrupted, the overall prothrombinase activity was about twice that induced by ionophore in control cells, showing that the absolute values were similar.
Disrupted platelets, red blood cells, and EBV-infected B cells from the propositus and her children yielded the same prothrombinase activity as that of corresponding control cells treated likewise, showing a normal content of procoagulant phospholipids.
Flow cytometry analysis using annexin VFITC allowed us to gather evidence regarding the defective exposure of phosphatidylserine and microparticle shedding by the patient's platelets compared with control platelets exceedingly stimulated by calcium ionophore (Fig S) . The latter underwent massive phosphatidylserine exposure and membrane vesiculation. The patterns corresponding to the binding of annexin Vmc to stimulated cells and derived microparticles were in accordance with prothrombinase activity measurements (Fig  2) .
Red blood cells from the patient appeared refractory to shape change and showed reduced vesiculation after treatment with S pmol/L calcium ionophore for 90 minutes at 37°C in the presence of 2 mmoYL external Ca2', whereas her offspring's cells elicited an intermediate response (Fig  6) . The dot plot representation of forward-angle versus rightangle light scatter enabled us to clearly distinguish two populations. Cells showed the highest forward and side scatter signals, whereas derived microparticles had lower ones.'' Less than 1.5% of total events (cells + debris and/or machine noise) was detected in the microparticle gate in any of unstimulated cell types. With stimulated red blood cells, the proportion of microparticles was, respectively, 19.S%, 5%, IO%, and 8% for the normal subject's, propositus', daughter's, and son's cells.
No difference was noticed in the electrophoretic patterns of cytoskeletal proteins of patient's and control platelets (data not shown).
DISCUSSION
The above results clearly establish close links between the almost total absence of phosphatidylserine exposure by in vitro stimulated platelets from the propositus and her hemorrhagic diathesis. The defect was observed not only with the physiologically relevant agonist combination of thrombin and collagen, but also under more drastic conditions using calcium ionophore. The latter was not able to induce significant phosphatidylserine externalization in patient's red blood cells when compared with corresponding control cells. The reduction of procoagulant phospholipid exposure was also highly significant in her EBV-infected B cells despite interference of cell mortality. Two of her children could be explored for the same anomaly. The overall phospholipid-dependent procoagulant response did not exceed SO% to SS% of normal with the daughter's cells, whereas the son's cells showed a behavior closer to normal but consistently lower. These observations are in agreement with measurements of residual prothrombin in serum and have been confirmed by flow cytometry. It has to be emphasized that residual serum prothrombin is a complex function of the degree of availability of procoagulant lipids in whole blood. This could explain the differences of serum prothrombin time and residual serum prothrombin between the propositus and her children. The absence of bleeding in the offspring might precisely be related to residual serum prothrombin close to normal. In our routine practice, under no circumstance of unexplained hemorrhagic disorder, these parameters were found to be abnormal except in this family. The defect of phosphatidylserine exposure and consecutive reduced membrane vesiculation was further evidenced by the reduced binding of a fluorescent derivative of annexin V used to detect available phosphatidylserine. It has to be pointed out that none of the above defects could be due to abnormal composition of membrane phospholipids because patient's cell fragments bearing fully scrambled phospholipids produced a phosphatidylserine-dependent procoagulant response identical to that of control cells when lysed likewise.
In a first instance, these observations appear compatible with homozygous status of the propositus while her children could be heterozygous with respect to Scott syndrome, which would be transmitted as an autosomal recessive trait. The patient's sisters can reasonably be considered as homozygous because they died from documented hemorrhage. The ; I Propositus + A23187 possibility of compound heterozygous status appears improbable because it should have been transmitted to the three sisters. However, it has to be emphasized that such conclusions should be viewed as only partly qualified because the genetic analysis could not be performed due to the absence of candidate gene(s). In subjects born from first cousins, '/,h of the genome has a homozygous character that implies that at least six or seven subjects of this type have to be examined for localization of mutated gene or regulatory element(s) by mapping homozygous loci. Unfortunately, such a study could not be performed here for obvious reasons. The first experimental evidence that a gene defect can give rise to Scott syndrome was reported recently." Our familial study confirms that it is indeed a genetic disorder. The identification of candidate gene(s) is now the next goal but remains dependent on the feasibility of functional rescue methodology in Scott EBV-B cell lines.
The maintenance of the asymmetric distribution of phospholipid species between the two leaflets of the plasma membrane of a variety of cells involves a specific inward transporter of aminophospholipids, chiefly phosphatidylethanolamine and phosphatidylserine: Although the gene coding for this transporter remains to be identified," it is tempting to speculate that aminophospholipid translocase activity is increased in Scott syndrome. This would explain the sustained sequestration of phosphatidylserine in the inner membrane leaflet. However, experiments performed by other investigators who had access to the red blood cells from the above Scott subjects excluded this possibility as the inward phosphatidylserine transport was found normal. In addition, The flip-flop or transmembrane migration of phospholipids remains mostly mysterious.'.'' Nevertheless, a phosphatidylcholine translocase has been recently characterized using a gene disruption approach. It is the product of the mdr2 gene belonging to the family of P-glycoprotein multidrug transporters. Its absence leads to liver disease due to the lack of phosphatidylcholine in bile.'" Because aminophospholipid translocase activity appears normal in Scott red blood cells, it seems reasonable to hypothesize that the Scott defect could be due to a mutation affecting a putative outward phosphatidylserine or aminophospholipid translocase. Another possibility would be that aminophospholipid translocase operates as both an inward and outward transporter, because several pumps do, depending on particular regulation. In this case, only the outward function would be impaired. This hypothesis could be explored using cell mutants defective in inward phosphatidylserine transport recently described.3n
A more general perspective of the identification of the gene(s) and corresponding product(s) involved in phosphatidylserine or minephospholipid externalization is to assess whether it is a more ubiquitous feature involved in the processes regulating communication between cells and their environment under various physiologic or pathologic circumstances. In this respect, Scott syndrome would be an additional example of the prime usefulness of genetic variants for the characterization of as yet unknown physiologic mechanisms. 
